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The object of this thesis is threo-foldg first, to present a 
paper in which a correlation has been made of the existing theories 
second, to apply these existing theories to the design of a particular 
structure ani third, to compare the structure so designed to a 
procecdureis 

ment of these ebjectives the authors have made 

m attempt to present originel theorles in the derivetion of the 
design form lat. 
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DETHODUCT LOH 


Phe devolopsent of the theory of prestreseing varicas concrete 
etrudtures is not entirely news nor is the application of Wie theory 
to agtuel construction unknown by ony coang. for Geriain stractures 
gush as ciroular pressure vessels thie type of conetruction is wide} 
ly usede Yor other structural natbers, aspeclially straight line com 
ponents, the @pplication is mech more lilalted a8 the present tims 
The authors fool that the sdvantaces to ¥e gained by using prestrone- 
ing in all types of construction will eventually secome more widely 
mnOWM, Snd henee the process will Find avereinereasing applications 


She objective of preetrosaing canOreie construction is to 
@livinate conerste tenslie atresees umler dealcn ioed conditlonts 
Thia enables tno designer to atlilse the hi¢her compressive sirasses 
of modern conerete and too Algh tamelie progerties of cold drawn 
atoel wlrae 


In general, tice establiahwont of psreetreusing is socomp) ished 
ky tensioning the steel reinforcecwnt before tie load is appliaiy 
the stretching force Yelng tranemitted to the cancrete a8 & come 
preaeive force after toc concrete has atialned sufficlont strength to 
take the stresses tims ageliede Im this amaner, stresses of opporlte 


Siem to those oCourime ander lond are imparted to the structures 


(ae Of the flret propeealis to use prostreseing wis cada by 
Jackson in 1666. The sethod sugrested war that of strengthening the 


structure by tiehtening the reinforooment to 4 devreo not deterainates 
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te Ides was Carried furtior Wy Mond] whe establiehed 6 Limit w the 
3 eonerete tansile sirees and to ti roduetion in oragkings In his 
work be did uot, however, consider leases ef the Initial prestress and | 
henge the Gounteraotion due to stretehing tie roinfortement was only 
partially effective. Lavwr work in thie field wy Dill, Hewett, 
Freyecinet, om oth ra arrived of = preeess mereky full prustrescing 
was uillizod, al] possible losses belng cenelderad aid orackleamess 
ealng guaranteed due to tie absence of any temelio stresses in the 
Sonorete unler lois 


The moet mGent wark ln preetrecaing ulas a6 refinewete to the 
@aPly propositicnss. Various means have boon advongad to aghleve the 
Geelrod degree of prestregsing ond the plitation of the process hae 
boon extontads 


in general, two ao tiede of agplyine the initial prstrees axe 
used, preegirotehim: sd gostegtretehings The tome tmiicate whether 
tm tongloning iv Gorried out before or after purdesineg of the eon 
OYete. Wlih preestretonin:, the Gonerete Pooting im the mold aniil 
the gtretthing can be traumelited w the sonerste Oy Domi, At the 
Gutset the tensile forse in the etee] is taken at the ene of tao 
mold By @oeCial anehoraces whith ore mabmaquently remwvods 


Postestretehing ie apgiled when tha conerete haa haxdeued. In 
this @oaae poreenent anchorages “1 tke emis of te structure trenealt 
the Goxcrogsion to the conugrste, thore bolus no bond betworm the tone 
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With prowstretching, at the release of? tho stretening forse to 

| the @onorete, tho Initial prestress is bewdiately reduged due to the 
elastic deforsstion of the conerete and to shrinkage, whieh lonses 

aro ingreased gradually by furthor ehrinkage ani by glastie flow of 
the concrete. Tith sostestvetching the loses duo to elastic deform 
tion and to the initial g:rinkace sre oliminated, thus the ase of con» 
Woutional eteol is satisfactary. 


Im the desien of prestresead etructures tae matare of tho strate 
tere will datersine which of the various mateo of proetressing om 
be usot most adventareously and wileh types of materiale are best 
guited te tho job. 14 sust be ducided whether full or partial pree 
@treacing will be usd, aged on the che rag teristics Imgerted by the ae 
two methods, — 


In fall srestrossing the: stretehing forse is of such mogul tude 
that ac tensile etreds cccurs unter working lotd emi thus Gragkless= 
neas Of the concrete in cusrantweds “hie intter quality la, of course, 
Aichly desireable in pressure vessole such ae pipes oni tauke under 
pressures Due to tise foot thst the ooneés0te Gon to prevented from 
Cracking the sestionn of conarete Gan be treated ae a homoqunous mie 
torinl and the desi in not, therefore, banod on the “Oracked segilon* 
ae ig the case im the conventional dewlm. ‘hie sbeenve of eraeke ani 
adgonce of tangile stressea in the conerete also ineruases the 8 hear 
resistance of tke gontretee in Gertsin cages it uliow the economical 
use OF ich strength atedle ‘tho struin of the stresture at the releace 


of compression t¢ the sccnorete le greater tam wider working load, 
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which nesessitater 6 hlgh serly oupreasive stronst. and “hich wag couse 
ineonvesianee for transserting ané baakiing pro@ast producta, since my 
‘Gdditional strain has te be ow idede 


“In Gases where absonoe of orseke La not necessary as In beauty for 
emmgia, sartial ove sixessine ay 99 mors odvantacnouae in tiie Gace 4 
ansiler atrotehing forve is rquirod ant ia applied te only part of the 
 $0tel meinforeenante This has an effeet on the esoneny over full pree 
etroesing baecoune Of ihe rodwotion ln fabrication costs and because of 
the croanter ease of beudling precast productes, By Controllin: the degree 
of initial prostress the strain under woxkcing Lond (deflection in the 
Case of beams) can ve controlled so as to obtain ony degree of defleo 
tion between tie liaitse of the lege deforsations and heavy cracking of 
the nomepgregtreesed strugtirye aod tie eatresely emul deforontion ani 
abeanee of eracke In tic fully srestrogsed strua tures 


iu we desiem the loeses of ti imitial prestmee wationed prow 
viously oust be Gcusldered in cmier tant the flea] couprescive siress 
in te comsrete prior ic leadine soy be boid within the linkie desired. 
These Loaves Gro Caaputed and ellowanee uaile for than in the pertioalar 
ease 84 soul by inoreasine the ink tial erostress in the steel. 
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| The appliestion of prestroesiny to gartioular stra tures whli now 
be Gonsidered, Since prestraesing is mont adrantacecusly used in preee 
ware veetols, this type of strugture will be Goncidered firste 


Conventionel relaforged eonerete gipes hove been used in seter 
eugply Lines for meny years Within the limitations of interasl pressures 
and outernel loaiinweg bat with tna Gomparctively moent developuen of 
wire wound prestrecsed concrete sipe ereater intersal presauses can a0 
Garvie’ aad greater vrecistones 16 external loading afforded. 


fhe wire wound grestressec concrete prugsurs gige sas advantaces 
of eocneny of steel and quality of Gonerets to satiafy eagineering deo 
sine for Aigh proseure suadae The megiiwwie of inte’ guveiee oé< 
@ulting from npirostatie bosd and extemal loadings, to be resleted by 
the gipa wlll covern tie dosign for quantity ef stwel wire and the 


amount of sroetres: negessery to use in the wregg luce 


Refer to Figur 5g 
i, *iPens in the steel, petele 
tf, strees in the steel due to interns] presmur:, petels 
fq stroes in the sonerates petele 
f?, Petduction Im concrete prostregs, peGels 
ag aon of steel, Square intdhot, 
dg @rea of GoneMte, square inchese 
® isternal radius of pipe, inchoate 
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wall or shell thickness, inches 

internal] prosaurd, fetelse 

modulue of elastiolty of stool, pettele 
‘modulus of elasticity of concrete, getele 
ag oe 

Goformation in steel, inches gor inchs 
deformation la contvete, inbhes por indhe 
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le When the eholl is wound with « wire im tansion there te prodaced, 
(a) & temelle stress in the wires fg 


(s) a compressive strgas in tie conorett, fg 


In taic derivation the avara;e otsens in the steel and in the concrete is 
wue@eds Tha stregs in the stoo] moet oges] the stress in the conerete to 
miniain ecullibrium, henge, — 

fy 4g ¥ ty 4s 


for l ingh leweth of pipe Ao 3 ty, thon: 
te « 8-48 


Ze ‘hen the prostruesed pipe is eabjected to internel pressure 
there is produced, 
{a} Am inoresse in tie steel prestress 
(o) & decronsa ia tae concrete gre sompresslons 
Hence, for eoullibrium 
Pr 5 ft, Aa @ fy do 
4, a ani ac « = 
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Be = 
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Hence f*,, « fon which iv tho inoresse im steel strese acconpmying the — 
“‘@eerease in conorete gro compression dus te internal pressure. since 
the concrvte te accused te take nc tensile etresas the Limit of fe ts 


the «aqnitade of the conorete proetrese fe, thore fore, 
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The curves show: in Figure 1 tazen frou an article Sy Bey Se Greppe 
in tho AsCele #rocvodings ll lustrate 4 eimple seams cf daalign for my one 
portiouiar piga whieh le mubjeeted tw & varying bydroetatic hemi, By 
plotting both design aquaiions oa the some set of aalie & convenient and 
ragid cojution of tae equations is avallntlies. an @aamjle to lilastim ‘te 


wo use of tiese curves Le se fol Lows, 


Sugcose 4 prosecute glige with a mai of 250 getele is Ww be Uses 
Satetine Ye Garves wlts 25 petele and groje@iing aerisontally to the 
intemal pressure Gurvds then vertlesily to the Siee) ares Curva, read 
aimwetiy the area of Steal necessary pay Poot of Idmrih of plpeg im 
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Phe emt legieal estes iu the ase of prostreasing would ba in the 
cons t motion of @ water tant or atom pipae The thoory of design here 
prevented wos taxen from om ertlele puuliebed tn the 40.1. publication 
2/0" which waa writton by Lie vomi"r John le lingon (080) UBM, Yorious 
Other articles on the subjoot wore evudied in conjunction with the design 
pregented Im this themleg however it Le the opinion of the authors that 
hte Gomd’ r Mesom hot presemted the most conciae and lecloal develoguent 
of ihe nedessarg desicn formilad. audy the moet pertinent formulae will 
be prosented here. fore SOM Complete devalogeont, and for examples 
of men of those formulae roferomwe to Lie Comd’re Moson’s article oF 
tie dGeasiym horeln presented ia mugrestods 


Gousider a rine of concrete «Lt a bond of atecl lald emucly 
arom lie exterior surface bul mot etreosed, Sy some of 4 tambuckle 
oF Olhor wedhbenigal deviee xeep micrtening Wie bam anti, it ia 
stressed to fi59 the initial stvol stress, the wtal initiel force on 
the steel bond wiki ba Ag fgg, fhia force must, of courses, bo in equle 
Lisriws with the forces in the Gonere bo Vite, Dences 


Ag 494 8 Ag fo, °F fol S Bp fgg “OT? D © fi 


Suppose now tiat ihe pretreated ring la subjested t on intemal 
hycrostatls pres@ar: of ¢ jor unit of longth and the radius of the ring 
io Mg thon the ring tention, ¢ in the combined conerete and Bice] seGe 
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Sq Re The tensile aivessos due to ring tension ares 
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fhe Gomalned final stresses are: 


for the conerste fe @ apfel + wre 7.) 
Ae (1 } BP 


for the #tool fe ® fal 0 am [tw 
&& Goon from the above @equttions the luitlal sompressive stress 
in the omorete was reduced awi the initial stress im the e tee) waa 
ineresaad., or comple te in@uranse against Gracking the ugual precedure 
is t© concider the combined stress in the cemmrete equal to saree Sete 
ting the equation for final concrete stress squeal t© sero and w lv ing 
for theo initial eteol stress we have, 


Ae (1 } Bp) 


then f, 2 QC the totel ring tonsion mst be ¢ akon by the stools 
hence Te4A,g f, « Thewefors for the initial steel stress we heves 
i + mp 


@hie it, however, bared on the aceumption that the sonerete bee 
haven oo & purfectly elactic saterial with no shrinkneae This seemge 
tion is, of courses, false and a Correction to tae initial stress muat 
be taken inte sesgont due to actual shrinkagese £ ho steal Sande must 


be given an 40tual stress such thats 
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ie we 


fot = £26 cus where C = 


shrinkage coefficiente 
(for derivation of thie latter equation see “Clreular Concrete 
Genk Without Prastressing’, dele Ie "R/C Boe 4)e 


lbte Comi*y, Mason indicates inet, trom sis oxperientas, ke bas 
found the volaa of 6 i6 be aggroximately 000908 for tanks above groum 
level. fe cisco indicates that the value of » saould bo Limited to 


approulmat Ly OelZe 


From the axioms pexgentage of bend steal an equation for minigun 
wall thickness t+ ¢en b develoged in terms of ring tension vs 
@e 4g = i/te 
12% 13% 
$2 2. 
lapt, 
Henoe t = the minimus wall thickness that cen be uaede If the 
steel stress 16 constant throucheat the ontlm aAelght of wall than the 
thig@mese + mat remin constante Sy using the relation timt Ag °2. 


the area of steel necessary AS any ptint in the wali can be dotersineds 
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A more recent application of the \nwory of prostmening, and one 
that io coming into srominenges, le the application of the theory to 
streight line mombers such a3 beans, Colwana, and -inlorts 


fhe theory applied to thaee slamentary components way be carried | 
inte tho sonctruetion of larger straswms. It San been Glalined by 
advyoentes of tho theery that whon agplied to bridves there remults a 
etretturs wilih cives exesilent resietange to the offset of ceoncontrae 
tod weel losis, Lagset ond vitrationts. Lon: spon wrldges of the simple 
beam and cantilever type can be dgalened with 4 reletively a=uall depthe 
apem ratio combined with amall deflestions (according to Sohorar)s 


the theory herein presented is taken fron on article by Korman 
Sehorer in the Journal of the dmorioan Urmerete Imatitutes As pro- 
Viously stated in the iniroduction there ie 4 loas in the Initial steal 
prestresa dae to tae feolliowla, causes 


(1) Garinkage of the conoretes 
(2) Piastic flow of the omeretes 


(3) Glastic deformation of wie concrete. 


@he total change im tie initial stress iu the sieel way be given 


aporoxiaately sy ina following «uplrlea] fommlas 
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the effeative oteons can be deternined by mans of successive approxima 
thonte Vor this purpose the entire orlylnal prestzecsed forge 2, is 
first aagweed to be acting, Whereby an sgproximio value of the concrete 
prestross is obtained, The Corresponding steel] etress reduotion is then 
éetoralned from the aveve equations vhis spp roximation is thea wed w 
@ tain © se@cnd aggroaiaation for the effective greetrage forge, wd 
thle procedure is repested aumtil the corrections becom nogligtbles 


A derivation of the dociqn formicsa for teams ond girders follows, 
Rotations 
Chenga in fg ® total steal stress reductions 
fg a effective conorete Si reate 
foo * oricinal steel etress. 
®, ®& OFiginal ster) proetrese fortes 
foop * effective concrete strege O41 the GeiteGe Gua to 
prestrena TOMO, Pe 
wi, © intermel moment, due to grestreea forcgas fe 
fa, @ SatPeme concrete fibay straes Gag 10 proatewea fore, Pe 
fea S extrem concrete fluer stress due to prestxroge forge, Pe 
*, = Sof, 
Gm #8 gg/he 
ity fg1p/foaps Stren ratids 
ep 8 fanp/teope Stress rotids 
foup * effective concrete stzess at the Gepeie Gua tO pre= 
gtresa fora, Ps 
= Oxtrome fleer distance from CegeGe 
@,  Oxtrome floor @ietonce from CeueGe 
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£* 52: ZS onmrete fiber stress chon-e 40 to externas] moments Me 

{som Concrete fiber stream chan cue to oxterma] moments Be 

f* no 2 Consmete stress chan at the Ger.a. due to axternal 
TOGO G— Me 

fon * Steel stress chang due to Live loud moment, Me 

Sg, = Se@tion modulus of fiver Gy, Feferred to Gemete 

igg = se@tion modulus o¢ fibor @ge Teferred to Ceres 

a S live lead moments 3 


Figure 6 shows 6 Jeon seGtion with on effective greetrees force, ? 
aOting at ihe Gi¢tancds, @ from the GeigeGe The average affective sonerete 
etroge ia, 


faop = ee (2) 


the eGeentric agglication ceuges en internal someat, 


vip = oP (2) 
The extrem flbor stresgus ard, 
in @.k. & 
—~ Se ™ 
fom 2.2.° sh (4) 
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a F (5) 
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tha fibor strosees ore thon dotersined by wane of strues Pratlogs 


= folp @ (1 + 7 
ky = -) (7) 


me faa (0 -< ) (8) 


The concrete stress 24 the Segete In, 


fooy = tolp ~ (felp = fe2p} liso) {%} 
wy FS 3 
Which after iraneformation sliver, 
toes = (beg (10) 
er oy imtrodwclar tie strese Fath oO, 
mo S daea © ke (ah) 
fsop ic 


the offeotive steel stress It, 
feo = (12) 
ag 


the oriclosily required estes] etrces oom now be determined by sub] 
etitutige foes ke squction (4), 
Changes in fs 3 feop § 15 fo 


fhe dasiemer is nor confronted with the opposite preoblemg tant it, 
the deterzuination cf the effective strers due ts the releuse of the 


Ori;inal progtresc {Greedy Py» alao the slailtansous influence of deok Loads. 
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Af tho dead load mowmty Mg » is emllor than the counteragting 
prestroes moment, oquation (2), the release of the prestregs force will 
Gense the boom so Lift off the supporting forms, In this oxse the desd 
load sets simulteneouely «ith the prestresa Load oi tho steel stress 
loss is detersined by the combined concrete streg@ at the OegeGe The 
Gonerete stress, f,..9 » due to dead losd momomt La, 

foouo = Be (15) 
ue 

The effective stresses are prefersaly deteruined by the method of 
gucceative aggroxlmationte For thie purpose the known Value of By, ine 
etend of ? le a+ first eabatituted in eouation (1}, wick results in on 
approxinato stron faq, 98 derived from equation (22)» This stress ts 
Combined with the ¢iven dead leas strege, equation (135)0 The resulting 
otress, subsiltuted in choco of grentress equationg cives an apgroxime 
tion for the total stoel strose redustiong therefore a correction for 
the effective creatresa fo rege 


The offeative floor streeses ore now O¥tainebloe fros oqantlone (7) 
and (8) by ceanus of the fins] value of Py as gubatituted in equation (1}. 
In the case of tep axi bottom relaforeing te corrections should be made 
sivm] tenoously, <lihowrh the wo prestreas forces oan be treated indee 
pendently aa o first ag proxiuntiome 


The stress: ¢ due to live loads must now be considered, The 


etroas chimes due to live loads «re based om tha transforsed seetion, 
asGuting taat voluse Shanges Gan «e¢ Gomtidered as completed. the trante 
formed aret, Ag if sased om the entire songrete section, 

aA s 40 #® nis (14) 
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With voforence to Figure 6 the loostion of the neutral axle is given ty 


tho Fo luting 

a * sua | (15) 

1 8 Igt 40 & (eo = a)" ma, ie 
OF, 

3g & ie & amso (17) 
With oF1 S@, <8 the gestion modulug for the bottos fiber becomen, 

%. 2 gh (28) 
Por the top fiber, with @%, # Gy e * 

Styg Ook (19) 
Por the Geme@e with of S @ @ My 

ate = 4. (20) 
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ami the steal stress change, fron equation #, = nfo becosea, 
fen 3 om ftoom 
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Zhe gurpose Of thin coagarative design is to arrive at « measure of 
the roletive econony of uateriale required for s structure designed first, 
wy conventional relnforced conerete dealin procedure and eeoond, by using 
the thoorles of 5 wasvesaed Stmetarmese For the purpose of an overall 
economic améy sath & @oupgarlson of desipme Should, of Course, take into 
account the relative ceste of fabrication and tae Laver ehareets A dew 
termalnation of these latter faeiore ivy Rowover, Buyond the scope of 
thls etadyg hence the couperieon will be baeed solely upon the quantity 
ef wateriols required in euch Caste 


for the purpose ae outlined above tie strugture to be compared will 
ve 9 600,000 gallon cirouler water storace tanks “ho Comparison will w 
@utenied in the cece of the tomk cover te inclade a flat sleb gover in 
ome @2g9 and ® seqeental dome gover in the other. “hese types wore 
Ghowen 8a be ag best suited to the individual tank designte 


Notation 


4g “ge Sea Of Gondrete seOticl, Square inchote 

ig 2 S800 of staged In tension, square incaes. 

» @ Widts of rectangular bean, inchoms 

@ 4 Shrinkaco coefficient of concrete. 

G& = 8ffective Gopthy inched. 

DR BS Giamter of tank, foOte 

Bg % modulus of elasticity of concrete in compreasiom, peBele 
%, * ndulus of Glasticlty of Stagl,e fesele 
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@ompressive unit stress in extreme fiber of concrete, petele 
ultimate compressive stran:th of OURO His PeBele~ at aro of 
2B dnyBe 

tensile unit sivess in loncitudinal reinforcoment, betele 
initial streas in steal, petele 

initial streas in Goncrotas petele 

bo ight of wall, foate 

hoop etreas in dome a6 point 1g Kips per foots 

moment of inertia of horlgontal cress se@tion of tak, inokh 
unltde | 

moment of inertia of relinfertement about nowtral axis, inch 
uni te | 

ratle of distence between centroid of Goapression snd center 
of craviwy of tompile relnforcenent to depth “dt, 

ratio of distence betwoun the comprosaive face of the beam 
ond the nowtral axle to the depth Wt, 

mommat duo to dead and live L0ada, foot poundae 

ratio of modulus of elasticliy of @ieel to \nat of Gondretes 
ratio of area of tensile reinforcement to the effective area 
of conorate in beams ami slahas 

radius of Sphere, foots 

Poillue of tomkt, fomte 

@ompreesion in od;o mombor of lentorn Opgenine of domiykip@e 
ring tension im edge somber of dome, kipte 

thickness of bean or well, inchodte 

Roop atress, soundae 

moridianal stress in dome, kipge por foots 
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(1) Glrewlay tone rostin:s on crown surfaads 


(2) 


(3) 


(4) 
(8) 
(6) 
(7) 
(8) 
(9) 


(Llowskle got] bearing « 5000 pefe 
' | 


llowable strogs is circumferential will stael = 12,000 pale 
(2his low allowable streas is ehoven to pravent exoesaive 
@lengation of the @teel in ose the eonorete eracrs) >. 
Ajlowssle strese in aad other ateol — 10,900 pele 

£* , ~ WW pele 

Bg ~ 465900,000 gale 

Ultimate conerete tensile stroamrth @ 200 pel. 

Nequived tazk holght (effective) - 20 feat. 

Aseume baee is fined. 


(26) Specifications: AsSele 516-41 and as Tehie Spots. TBs 
(13) Uais welcht of conerate ~ 18 pounds por cuble foot, 

(12) Live Load on vover = 25 ga, 

(15) “Simi sreesure » 6/8 x 50 pat of vertieal projections 
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(6) Ultimate concrete tens ile strenthe 250 pole 

(7) Anouma bane Ls fluids 

(6) Unit weight of conerete= 150 goand? D9F guble foot. 
(9) Spoekfiaationas AeCel, 518-41 

(10) Live Lend on covore 30 pet. 

(11) Sellar lesd on dome 15 Klpae 

{12) Wind strane @ 6/6 x GO pet of voriS@al gx joction 
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Tole @ 5009900 wale @ 64,000 cus its 
Dismeter & 64° =)" Richt @ 20° 


Syessure ot Yotton of well @ 6208 2 20 @ 1259 Getafe 
Presewra 1 ft. ap froe Wettem @ 62653 219 SF 1187 peteots 
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